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Each patient underwent resting radionuclide angiography (RNA). echocardio-
graphy, and cardiac catheterization (high fidelity pressure) before AVR, then
RNA and echocardiogram at one week and six months after AVR. Patients
were stratified by preoperative ejection fraction (EF) into reduced EF «50%)
and normal EF (:::50%) groups.
Pre-operatively, peak positive dp/dt was lower in the reduced EF group
(1300 vs 1700 mmHg/sec, p = 0.035). and wall stress was elevated similarly
in both groups (p = NS).
Temporal Relationships of EF and Wall Stress
Set tidal volume (15 cc/kg), PEEP (3-4 cm H20). and I-time (1 sec) were
kept constant. Measurements in both conditions included pulmonary artery
pressure (Ppa ) by micromanometry and Opa by ultrasonic flow probe. Right
ventricular stroke work (SW) was determined by sonomicrometry. Transpul-
monary vascular efficiency (TVE), a sensitive indicator of the efficacy of pul-
monary blood flow, was calculated by Opa/total power where total power is
the energy the right ventricle imparts in moving blood through the pulmonary
vasculature. Measurements were compared by Student's paired t-test with
P < 0.05 considered significant.
Pre-op 1Week 6 Mas
Normal EF (n = 14)
Mean Ejection Fraction (%) 66 64 68
Mean Wall Stress Idyne/cm2 x 103) 62 34 44
Reduced EF In ~ 10)
Mean Ejection Fraction (%) 38 37 57
Mean Wall Stress Idyne/cm2 x 103) 78 52 61
V02
(mllmin)
69.6
90.5*
SW
159
201*
25.5
21.0*
TVE
(LIW-min)
PVR
(d-s/cm5)
689
907*
Ppa/Psys
('!o)
27
33*
Modified Venovenous Ultrafiltration in Infant
Cardiac Surgery
15.6
20.1*
Ppa
(mmHg)
PaC02
(mmHg)
'" significant vs. normocapnia
NC 39
CH 62*
Prefilter Postfilter
SAP MAP LVT VT11/3 SAP MAP LVT VT11/3
Mean 62 45 6.0 2.7 76 57 4.8 4.7
S.D. 11 9 1.7 1.7 17 12 1.3 2.0
PYS. Prefilter: 0.0002 0.0001 0.001 0.014
MVU Control
Vent ICU Hasp Vent ICU Hasp
Mean 3 5 9 7 10 15
SO 2 3 4 8 9 11
PYS. MVU: 0.086 0040 0.067
MVU results in improved hemodynamics and a more rapid recovery in in-
fants undergoing open heart operations. MVU can be used in a wide range
of patients, including those with univentricular cardiac malformations.
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Modified arteriovenous ultrafiltration has been used in pediatric cardiac
surgery to reduce tissue edema and improve organ function. Arteriove-
nous filtration may be problematic in hemodynamically unstable patients and
those with univentricular cardiac anomalies. To avoid problems that may oc-
cur during arteriovenous filtration, a technique of modified venovenous ul-
trafiltration (MVU) has been developed. From May through August, 1994,
20 neonates and infants (mean age 61 days, mean weight 4.5 kg) under-
went open cardiac surgical procedures followed by 20 minutes of MVU af-
ter separation from cardiopulmonary bypass. Diagnoses included ventricular
septal defect (4), complete atrioventricular septal defect (3). transposition of
the great arteries (3), hypoplastic left heart syndrome (3), tetralogy of Fal-
lot (2), total anomalous pulmonary venous connection (2), truncus arterio-
sus (1). and anomalous left coronary artery (1). MVU removed a mean vol-
ume of 98 ml/kg body weight and increased the hematocrit from 24 to 33%
(p = 0.0001). Effects of MVU on systolic and mean arterial pressure (SAP.
MAP) and on echocardiographic measurements of left ventricle wall thick-
ness (LVT) and mitral velocity-time integral during the first third of diastole
IVTI 1/3) are shown:
Filtered patients were compared to age- and diagnosis-matched controls
operated on by the same surgeon within the same year. Days ventilated
(Vent), days in intensive care (ICU), and postoperative hospital days (Hosp)
were analy.zed:
CH significantly increases PVR but accomplishes this at the expense of
increased right ventricular work, decreased TVE, and increased oxygen con-
sumption. The potentially detrimental effects of CH on cardiorespiratory per-
formance must be appreciated when applying this therapy to clinical condi-
tions with unstable physiology.
Pulmonary Vascular Endothelium Is Capable of
Producing Nitric Oxide After Cardiopulmonary
Bypass and Circulatory Arrest
Paul M. Kirshbom, Steven S.L. Tsui, Louis R. DiBernardo, Jon N. Meliones, Debra
A. Schwinn, Ross M. Ungerleider, J. William Gaynor. Duke University Medical
Center. Durham, NC
Cardiopulmonary bypass (CPB) and deep hypothermic circulatory arrest
IDHCA) can lead to clinically significant pulmonary dysfunction and increased
pulmonary vascular resistance (PVR). Endothelial production of nitric oxide
(NO), a vasodilator, is an important mediator of pulmonary vascular tone. En-
dothelial injury during CPB and DHCA with loss of NO production may result
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Controlled hypoventilation (CH) has been utilized to increase pulmonary vas-
cular resistance (PVR) and limit pulmonary artery blood flow (Opa) in con-
ditions with pulmonary overcirculation and single ventricle physiology. The
effects of CH, and subsequent hypercapnia, on the pulmonary circulation,
right ventricular performance, and oxygen consumption (V02) are poorly de-
scribed.
To more precisely define the effects of CH on the cardiopulmonary circu-
lation independent of cardiac shunting, seven swine (30-46 kg) with normal
cardiac and pulmonary anatomy were studied. The swine were placed on
volume control ventilation with ventilator rates adjusted to maintain PaC02
at 35-45 mmHg for normocapnia (NC) and 55-75 mmHg for CHlhypercapnia.
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Cardiopulmonary bypass (CPB) causes a significant increase in total bodywa-
ter (TBW) resulting in organ edema and dysfunction. Modified ultrafiltration
(MUF) performed following CPB significantly reduces the increase in TBW.
The effects of (MUF) on myocardial edema were investigated in 9 children
undergoing CPB with cardioplegic arrest for the repair of congenital heart
disease. The mean age at the time of surgery was 2.8 ± 3.7 years and the
mean weight was 11.4 ± 9.1 kg. Five children were under 1 year of age and 5
weighed less than 10 kg. The myocardial short axis cross-sectional area IMY-
OCSA) measured by epicardial echocardiography pre-CPB, post-CPB, and
post-M UF was used to assess changes in myocardial wall thickness. The
filtrate volume removed by MUF was 470 ± 240 mls. The hematocrit (HCTI
increased from 24 ± 4% post-CPB to 39 ± 8% following MUF (p < 0.0001).
MYOCSA increased from 5.6 ± 0.7 to 6.5 ± 0.9 cm2 (p = 0.011) during CPB.
Following MUF, MYOCSA decreased to 5.9 ± 0.8 cm2 (p = 0.013). which
was not significantly different from control (p > 0.1). MUF performed follow-
ing CPB in children reverses hemodilution increasing the HCT and reduces
myocardial edema.
Wall stress was reduced at one week post-operatively (p < 0.005) in both
groups. Ejection fraction remained depressed in the reduced EF group. By
six months, however, EF had dramatically improved in the reduced EF group
(p ~ 0.002).
Conclusion: In patients with LV dysfunction, EF remains low one week
after AVR despite rectification of afterload mismatch. At six months, how-
ever, ejection performance improves. Therefore, when measured by ejec-
tion phase indices, the surgical benefit from AVR is not evident until late
post-operatively.
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